Abstract. In order to understand the effects that nutrients (nitrogen, phosphorus, and potassium) 
INTRODUCTION
Spectral reflectance has shown to be very beneficial in precision agriculture with its vast range of applications, including site specific fertilization and spraying. Within these two applications plant stress discrimination and weed identification have been extensively researched, but with no relation to each other (Borregaard et al., 2000; Vrindts et al., 2002; Christensen and Jorgensen, 2003) . Osbourne et al. (2002) , Milton et al. (1991) , Thomas and Oerther (1972) , Al-Abbas et al. (1974) , Masoni et al. (1996) , and Walburg et al. (1982) have all studied the effects that fertilizer have on the reflectance of plants and in most cases the effects are quite substantial. It has been well documented that nutrient stress for later growing periods affect the reflectance characteristics, where the stresses are visually evident. Spectral responses at early growth periods, small scale stress, and canola (Brassica Napa) species have yet to be examined. Noble (2002) applied spectral reflectance to crop and weed detection in a Saskatchewan setting to young plants, although one area not investigated within this research were the effects that environmental conditions have on the ability to discriminate between species.
Plant stress and weed identification rely heavily on leaf characteristics. Properties such as chlorophyll, leaf structure, water content and other foliar pigments have the greatest effect on reflectance (Sims and Gamon, 2002; Kumar et al., 2001) . Canola has a great potential on the prairies and is a very high input crop which lends itself a valuable specimen for study. Although stressing a plant to the point where visual effects are noticeable does give a better correlation of what is happening in the plant, agriculture does not take this approach. Producers want to place enough fertilizer to develop a desired return. More fertilizer than needed causes environmental and economic effects, while too little fertilizer causes plant stress and reduced yield. Being able to apply what is needed is the main concern.
Objectives
Spectral reflectance of canola leaves was investigated to understand the effects of nutrients and water on reflectance. Classification of differing nutrient and water regimes will determine whether nutrient and water stress was detectable at small scale differences.
The point of the research was to develop classifiers (wavelengths) to predict whether a plant was stressed.
MATERIALS AND METHODS
Canola plants were grown in a controlled growth chamber in a phytotron facility at the University of Saskatchewan, College of Agriculture. Plants were subjected to day temperatures of 21 o C, which lasted for 16 hours and night temperatures of 15 o C, lasting for the remaining 8 hours. Humidity was the only environmental factor other than fertilizer and water that was allowed to change.
Growing medium for each pot consisted of 1 part soil and 2 parts peat moss in order to lower nutrients retained in the soil. Soil analyses indicated sufficient nutrients (135, 30, >1145 kg/ha for nitrogen, phosphorus and potassium respectively). Peat moss was added to lower nutrient quantities. Resulting mixture was 45, 10 and ~400 kg/ha of nitrogen, phosphorus and potassium respectively. Potassium quantities were in excess due to the fact that only 2 % of potassium is readily available for plant uptake.
Four factors were used to study the effects of fertilizer and water on the reflectance of canola leaves of two varieties. These varieties were 43A56 and 46A65
(Pioneer ®, Chatham, ON). Factors included were nitrogen (N), phosphorus (P), potassium (K) and water, with a high and low dosage rate for each factor. A four factor factorial design was implemented to understand the effects due to fertilizer and water.
Results of the four factor factorial were a combination of 16 unique growing treatments, as seen in Table 1 . The first letter of each pair indicates the level (l=low, h=high) and the second letter of each pair represents the factor (n=nitrogen, p=phosphorus, k=potassium, w=water). Table 1 -Growing treatments hn-hp-hk-hw ln-lp-hk-hw hn-hp-hk-lw ln-lp-hk-lw hn-lp-hk-hw ln-hp-lk-hw hn-lp-hk-lw ln-hp-lk-lw ln-hp-hk-hw hn-lp-lk-hw ln-hp-hk-lw hn-lp-lk-lw hn-hp-lk-hw ln-lp-lk-hw hn-hp-lk-lw ln-lp-lk-lw
For each of these growing treatments 15 pots containing two seeds, one from each variety were accommodated for a total of 30 plants per treatment. Seeds were planted in 12.5-cm pots planted at a distance of 2 cm apart. Fertilizer and water were supplied during the growth period with the use of a custom-made nutrient distribution system (Kondratowicz and Crowe, 2005) . This nutrient system was capable of accurately supplying a total of 45 pots with water and nutrients, of which three groups of 15 pots received the same dosages for replication purposes. A total of six growing periods spread out over 8 months was required to obtain data from all 16 treatments.
Emitters from the nutrient distribution system were placed at equidistance from the two seeds in the pots. An extra emitter was used from each treatment to collect the fertilizer and water applied to groups and later tested to confirm the correct amount of fertilizer was applied.
Daily weights of random pots were taken to determine the amount of water needed for high and low dosages. Water requirements were based on a high rate at field capacity and low rate at half the amount of field capacity. Fertilizer requirements were based upon soil samples and fertilizer analyses done with respect to canola and its requirements as a crop (Enviro-Test Laboratories Agricultural Services, Saskatoon, SK).
The nutrient system applied extra fertilizer to plants in order to meet the requirements of the soil tests, having a high rate of fertilizer set at canola requirements from the soil tests, and a low rate set at one third the high rate. Table 2 shows the requirements of high and low fertilizer factors. Nutrients were applied every second day, with water applied daily due to excessive evapotranspiration caused by the growth chamber.
At the 5-leaf stage of growth the plants were removed from the growth chamber and prepped for reflectance measurement. The first four leaves from the plants were scanned using a Cary 5G UV-VIS-NIR spectrophotometer (Varian Inc., Mississauga, Ontario). Scanned wavelengths ranged from of 250 to 2500 nm with a black spectralon plug used as the background. A specially designed leaf holder (Noble, 2002) Reflectance was measured in relative reflectance, or referenced to an external sample. In order to convert the reflectance into absolute reflectance the following equation was used:
where is the absolute diffuse reflectance, is the reflectance value given by the spectrophotometer referenced to the calibrated standard, is the reflectance value given by the spectrophotometer of the calibrated standard, and is the calibrated reflectance values of the calibrated standard.
Data from the spectrophotometer were grouped and sorted according to variety, leaf number, and treatment. All data were stored in comma separated files (.csv) and later imported into a spreadsheet for post processing. Data were reduced to a 10-nm interval in order to import into SAS. Two analyses were conducted on the data, including a trend analysis showing the differences of the spectra with respect to all treatments and a classification. The STEPDISC procedure was used on calibration data which compared all the treatments and determined possible wavelengths that were used as features as discriminant functions. These features indicated the greatest possible discrimination potential. Procedure DISCRIM was used to develop probability functions and validate with validation data. A 1, 2, 3 ,4, 5 -feature analysis was completed.
RESULTS AND DISCUSSION
Leaf position on a plant as it affects leaf reflectance has not been studied extensively in the past. The effects that leaf number has on reflectance can be seen in Figures 1 and 2 . Differences are quite substantial in the near-infrared (700-1300 nm) and mid-infrared (1300-2500 nm) regions, while the visual region (400-700 nm) has significantly smaller differences.
Visual regions are characterized primarily by chlorophyll concentration and foliar pigments, which absorb light. Older leaves show greater reflectance in the visual portion of the spectrum due primarily to lower chlorophyll content and a lighter green appearance, indicating a lower nitrogen concentration within the leaf. On the other hand, higher nitrogen concentrations appear in younger leaves due primarily to nutrient recycling. As a leaf ages chlorophyll is dismantled and nitrogen translocated out of the leaf which is used for newer leaves. Many researchers have shown that nitrogen is directly correlated with chlorophyll concentration; higher nitrogen concentrations are correlated with higher chlorophyll concentration (Yoder and Crosby, 1995; Walburg et al., 1982; Blackmer et al., 1994; Al-Abbas et al., 1974) . Near-infrared and mid-infrared characteristics are affected by leaf structure and water content respectively. Air spaces induce scattering of light, increasing reflectance by more air-water boundaries. Infiltration of water into these air spaces causes decreased reflectance by reducing the refractive index discontinuities, resulting in less multiple scattering of light (Gates et al., 1965) . Figures 1 and 2 indicate that leaves 1 and 2 had a lower reflectance in the near-infrared and mid-infrared regions than leaves 3 and 4 caused primarily by water content of these leaves. Expanding leaves such as newer leaves cause water content to decrease rapidly (Mohammed et al., 2000) , adding to the argument that the older leaves have a lower reflectance because of absorption due to chlorophyll.
Water absorption overtones occur at 1200, 1450, 1940 and 2500 nm, and carryover effects between these regions (Kumar, 2001) . Figure 1 and 2 support these statements; leaves 3 and 4 were newer leaves which were expanding causing lower water content. Thomas and Oerther (1972) found that as water concentration in the leaf increased, the reflectance decreased in the mid-infrared region with is synonymous with these results. Roberts et al. (1998) found that older leaves of 6 Amazon species decreased in reflectance in the near-infrared significantly. Although there was a great degree of separation in the near-infrared region of this experiment, the greatest level of separation occurred in the mid-infrared region. One observation during scanning was that as the third and fourth leaves were excised from the plant, they wilted very quickly and lost their structure only minutes after being excised. The first and second leaves did not show this type of behavior; indicating that the first and second leaves held their structure longer indicating an increased water content of the leaf. Only one of the treatments involving comparison to respective low and high potassium levels was found significantly different at the 95% confidence interval.
As plants become stressed (or grown under lower nutrient water levels), the reflectance increases. Nitrogen, and water had the largest influences on reflectance, phosphorus had noticeable impact and potassium significantly no impact on reflectance.
In the visual portion of the spectrum both varieties showed reduced reflectance when grown under high nitrogen and phosphorus treatments, in which chlorophyll and pigments are the main contributors to this trend. Thomas and Oerther (1972) , Al-Abbas et al. (1974) , Yoder and Crosby (1995) , and Blackmer et al. (1994) showed similar results in the visual region of the spectrum as it relates to nitrogen, phosphorus, and potassium deficiencies and reflectance. Nutrients such as nitrogen and phosphorus application are directly associated with chlorophyll content and thus reflectance.
The near-infrared region was also characterized earlier by water for leaf number.
This effect holds true for nutrient and water treatments for the 46A65 leaves, and 43A56 leaves. High water treatments for 46A65 and 43A56 leaves generally had a lower reflectance than low water treatments. 
Wavelength (nm) Absolute Reflectance (%)
hn-hp-hw hn-lp-hw ln-hp-hw ln-lp-hw hn-hp-lw hn-lp-lw ln-hp-lw ln-lp-lw As was the case with leaf number, the mid-infrared region was characterized by water too. High water treatments generally had a lower reflectance. Low water treatments for some cases had lower reflectance than high water treaments, which could be explained by the fact that nitrogen also absorbs in the mid-infrared region (Kumar et al., 2001 ). This effect was seen in Figures 4 and 6. Walburg et al. (1982) , Dungan et al. (1996) and Short (2006) indicate similar results to these in the near-infrared and midinfrared regions of stressed plant.
Al-Abbas et al. (1974) showed that as a nutrient deficiency with P and K the percent moisture content of the leaf was lower; a deficiency caused lower moisture content in leaves. Lower moisture content would translate in a higher reflectance in the mid infrared region. Walburg et al. (1982) showed similar results with nitrogen and corn.
This effect is crucial in describing why lower nutrient treatments tend to have higher reflectance when an absence of water is present.
Results from the classification of treatments can be seen in the Tables 3 through   12 . Wavelengths chosen for variety one were 710, 410, 350, 550 and 680 nm, and 400, 370, 480, 470 , and 410 for variety two. These wavelengths fall primarily in the visual region and indicate that chlorophyll and foliar pigments were the predominant feature in classification. Absorption peaks for chlorophyll and pigments are greatest at around 420 and 660 nm (Kumar et al., 2001 ) with decreased reflectance throughout the region due to absorption. Figures 4 and 6 indicate that the reflectance does peak around these stated wavelengths, indicating absorption of chlorophyll. Overall accuracies for 43A56 leaves are 47.5, 53.8, 40.8, 18.3 and 26 .67 % for the 5-, 4-, 3-, 2-, 1-, feature selections respectively. Accuracies for 46A65 leaves were 50.6, 45.4, 43.0, 35.2 and 27.0 % for 5-, 4-, 3-, 2-, 1-, feature selections respectively. These values are fairly low but the reason was that water effects tended to overlap the nutrient effects. If water (low and high) treatments were treated separately, the accuracy increases to 75%. More features were required in classification accuracy due to the closeness of all the treatments. Mean values were within 4% of one another.
CONCLUSIONS
The effects of nutrients and water have a substantial effect on reflectance. Low nutrient and water treatments cause a higher reflectance value than high treatments. This is due to absorption of water in the near-infrared and mid-infrared regions, and absorption of chlorophyll in the visual region. Leaf number plays a role on reflectance as well.
Older leaves had higher reflectance in the visual region and lower reflectance in the nearinfrared and mid-infrared regions. Accuracy for classification was roughly 50%. With a total of 16 treatments, this value seems reasonable since water and nutrient effects overlap.
